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ABSTRACT 
PHYSIOLOGICAL RESPONSES OF PINUS THUNBERGIANA 
FRANCO AND PINUS SYLVESTRIS L. TO 
DENDROCTONUS TEREBRANS OLIV. 
AND ITS ASSOCIATED 
BLUESTAIN FUNGI 
May, 1985 
Karen K. Rane, B.S., Delaware Valley College 
M.S., Cornell University, Ph.D., University of Massachusetts 
Directed by: Professor Terry A. Tattar 
The black turpentine beetle (Dendroctonus terebrans 01iv., 
ColeopterarScolytidae) has been associated with the death of Scots 
(Pinus sylvestris L.) and Japanese black (IP. thunbergiana Franco) 
pines in southeastern Massachusetts. Naturally infested trees were 
observed to characterize the changes that occur within trees after 
p^. terebrans attack. Mean cambial electrical resistance increased in 
infested trees of both species as foliar symptoms developed. The 
range of cambial electrical resistance within infested trees increased 
over that of uninfested trees two to four weeks before foliar symptom 
development. Changes in oleoresin flow rate of infested trees of both 
species were also observed prior to foliar symptom development. Xylem 
pressure potential in infested, symptomatic £. thunbergiana became 
more, negative, indicating the development of internal water stress. 
Three bluestain fungi, Leptographium terebrantis Barras and 
V 
Perry, Verticicladiel1a procera Kendrick and Ceratocystis ips (Rumb.) 
C. Moreau, were isolated from D^. terebrans and inner bark tissue 
surrounding insect galleries. Only U terebrantis caused death of 
inoculated P^. sylvestris and thunbergiana seedlings. Symptom 
development was similar to that observed in trees attacked by 2- 
terebrans. 
Internal water stress, indicated by increased leaf diffusive 
resistance and more negative xylem pressure potential, developed 
prior to symptom expression in seedlings of both species inoculated 
with L. terebrantis. Changes in these measurements were directly 
related to the amount of phloem and cambium discoloration associated 
with L. terebrantis invasion. J_. terebrantis was recovered from xylem 
tissue only after foliar symptoms developed. These results indicate 
that U terebrantis, by enlarging the areas of nonfunctional inner 
bark through invasion of the phloem and cambium tissues adjacent to 
insect galleries, may contribute to the death of trees infested by 
D. terebrans. 
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CHAPTER I 
PHYSIOLOGICAL RESPONSES OF PINUS SYLVESTRIS AND 
PINUS THUNBERGIANA TO ATTACK BY 
DENDROCTONUS TEREBRANS 
AND ITS ASSOCIATED 
BLUESTAIN FUNGI 
Introduction 
The black turpentine beetle (Dendroctonus terebrans 01iv.) 
has caused extensive losses of pines in the southern United States 
(Smith and Lee, 1972). Outbreaks of this insect most often occur in 
stands previously disturbed by logging, fire or adverse climatic 
conditions. High populations of this insect seldom persist in stands 
for more than two years (Smith and Lee, 1972). 
In southeastern Massachusetts, D^. terebrans has been associ¬ 
ated with death of Scots (Pinus sylvestris L.) and Japanese black 
(^. thunbergiana Franco) pines for decades (Becker, 1972). While many 
trees attacked by this insect were located in disturbed sites or 
exhibited poor growth, attacked trees, especially thunbergiana, 
often showed no visible signs of stress or poor vigor (Tattar et al., 
1981; Highley and Tattar, 1985). 
Characteristics of £. terebrans infestation differ depending 
on the pine host. Highley (1983) found that attacked Scots pines 
were usually 50 years or more in age. These trees were heavily 
1 
2 
attacked by the insect (>25 entry points per tree), and had extensive 
bluestain caused by beetle-associated bluestain fungi in the xylem. 
Secondary insects, such as Ips pini and cerambycid beetles, were also 
present in these trees. The average age of Japanese black pines 
attacked by D^. terebrans was 25 years (Highley, 1983). There were 
relatively few aboveground insect entry points (<10 per tree), 
and bluestain in the xylem appeared as discrete, wedge-shaped patterns. 
A bluestain fungus, Leptographium terebrantis Barras and Perry 
has been consistently isolated from adult D^. terebrans and bluestained 
xylem of attacked trees (Tattar et al., 1981; Highley, 1983). Two 
other bluestain fungi, Ceratocystis ips (Rumb.) C. Moreau and 
Verticicladiella procera Kendrick, have been isolated less frequently 
from adult insects and discolored phloem adjacent to larval galleries 
(Rane and Bennett, 1984, unpublished data). These three fungi have 
been reported to be pathogenic to several pine species (Nelson, 1934; 
Mathre, 1964b; Towers, 1977; Lackner and Alexander, 1982; Harrington 
and Cobb, 1983; Wingfield, 1983). 
Death of trees attacked by bark beetles has been attributed 
to blockage of water conduction caused by bluestain fungi (Caird, 1935; 
Bramble and Holst, 1940; Reid et al., 1967; Basham, 1970), however, 
there is evidence that the cambium-destroying activity of the insects 
alone is the cause of tree death (Hetrick, 1949; Francke-Grosmann, 
1967). Decrease in moisture content, lack of dye conduction and 
aspiration of tracheid pits occurs in trees naturally infested with 
bark beetles (Nelson, 1934; Caird, 1935; Bramble and Holst, 1940; 
3 
Vite, 1961) and in trees inoculated with bluestain fungi (Mathre, 
1946b; Basham, 1970). 
The present study was undertaken to characterize changes in 
cambial electrical resistance, oleoresin flow rate and xylem pressure 
potential that occur in Scots and Japanese black pines infested with 
D^. terebrans, to provide an indication of the physiological changes 
that occur within attacked trees. A second objective was to determine 
if these measurements could be used to predict insect attack of 
individual trees. 
Materials and Methods 
Field plot design 
Three field plots were established in Falmouth, MA (Table 1). 
TABLE 1 
DESCRIPTION OF FIELD PLOTS IN FALMOUTH, MA 
Plot # Pine Species # of Trees Age (years) Diam^ 
1 Scots 24 45-55 27.9 (3.91) 
2 Japanese black 10 15-20 13.1 (1.55) 
3 Japanese black 14 20-30 16.8 (3.76) 
^Diameter in cm at 1.4 m above ground 
2 
Mean (standard deviation) 
£. terebrans had been naturally infesting trees in each site for at 
least 2 years prior to this study. Plot 1 was established in June, 
4 
1981 and observed until September, 1983. Plots 2 and 3 were estab¬ 
lished in January, 1982. Plot 2 was observed until October, 1983, and 
Plot 3 was observed until June, 1983. Plot 1 was located in the Fal¬ 
mouth Town Forest, part of which is maintained as a public park. 
Plot 2 was located in an abandoned nursery, and Plot 3 was located in 
the Ashumet Holly Reserve, a wildlife refuge administered by the 
Massachusetts Audubon Society. 
Trees in each plot were observed every 2-4 weeks from May to 
September, and every 6-8 weeks from October to April. Occurrence of 
pitch tubes, indicating D^. terebrans activity, and foliar symptoms 
were recorded. 
Cambial electrical resistance (CER) 
CER was measured on all trees every 2-4 weeks during the 
growing season. Probes of a pulsed-current ohmeter (Shigometer 
Model 7950, Northeast Electronics Co., Concord, NH) were inserted in 
4 places on each trunk approximately 1.4 m above ground level (New- 
banks and Tattar, 1977). The mean of the 4 measurements and the range 
within each tree (difference between highest and lowest of 4 CER 
measurements) were calculated. Measurements were always taken from 
8:00 AM to 12 noon, in clear weather when trunks of all trees were 
dry, to minimize differences due to weather conditions. 
Oleoresin flow rate (OFR) 
OFR was determined using the method of Mason (1969). A glass 
tube was inserted 1 cm into each tree approximately 1 m above ground 
level. The movement of resin up a measured distance on the tube was 
timed, and the rate (in mm of resin per minute) was calculated. 
These measurements were conducted on each tree once a month for June, 
July and August, 1982 and 1983. 
Xylem pressure potential (P) 
P was measured using the pressure chamber technique (Scholande 
et al., 1965). Twigs of Scots pines in Plot 1 could not be obtained 
due to the height of the trees; therefore P was measured on Japanese 
black pines only. Three twigs per tree were measured using a 
portable pressure chamber (PMS Instrument Co., Corvallis, OR) every 
3-4 weeks from June to September, 1982 in both Plot 2 and Plot 3, and 
June to September, 1983 in Plot 2. Preliminary testing showed little 
change in P measured from mid-morning to noon; the lowest (most nega¬ 
tive) P values for each tree tested were found at this time. 
Hi 1lerdal-Hagstromer et al. (1982) found that differences in P of 
conifers in an irrigation study were greater when P was measured at 
noon than when P was measured at dawn. It was therefore decided to 
measure P on clear, sunny days from 9:00 AM to noon. 
Statistical analysis 
Data was analyses using the Wilcoxon-Mann-Whitney test, a 
nonparametric procedure (Zar, 1974). Comparisons of CER and OFR 
measurements were made between unattacked and attacked trees on each 
observation date. 
6 
Results 
Field observations 
Table 2 shows the number of trees newly attacked by D^. tere¬ 
brans in each field plot over the course of this study. When Plot 1 
was established (June 11, 1981) 9 trees were newly infested with 
p^. terebrans, but it was not possible to determine exactly when the 
initial attacks had occurred. In 1982 and 1983, initial attacks on 
Scots pines occurred during the first two weeks of June. Foliar 
symptoms (chlorosis) were first observed from late July to mid-August. 
Infested trees were dead by June of the following year. 
TABLE 2 
NUMBER OF TREES IN EACH FIELD PLOT NEWLY ATTACKED BY D. TEREBRANS 
Plot # 
Total # 
of Trees 
1981 
Attacks 
1982 
Attacks 
1983 
Attacks 
1 24 9 6 1 
2 10 - 5 0 
3 14 6 
Initial attacks on Japanese black pines in Plot 2 occurred 
in June (2 trees), July (1 tree) and August (2 trees) of 1982. Only 
1 of the 5 attacked trees was dead by June, 1983. Chlorosis of the 
foliage was first observed on June 22, and the trees were dead by 
October, 1983. 
7 
In Plot 3, initial infestation of Japanese black pines 
occurred in June (5 trees) and July (1 tree) of 1982. Chlorosis 
developed in these trees in August, and they were dead by June, 1983. 
Scots pines were more heavily attacked by D^. terebrans than 
Japanese black pines in this study. Individual Scots pines often had 
more than 50 pitch tubes, sometimes extending 1.75 m above ground 
level. The number of pitch tubes per tree in Plots 2 and 3 ranged 
from 1 to 8 (mean=4.6) and 1 to 17 (mean=11.4), respectively. Pitch 
tubes on Japanese black pines were always located within 1 m of ground 
level, and often 0.2-0.3 m below ground. 
Cambial electrical resistance 
CER data for attacked and unattacked trees in Plots 1, 2 and 3 
are presented in Tables 3, 4 and 5, respectively. Prior to D^. tere¬ 
brans infestation, no significant differences in mean CER or range of 
CER were found between trees that remained unattacked throughout the 
season and trees that were later infested by terebrans. This was 
the case in all field plots. 
In Japanese black pines, mean CER of attacked trees was 
significantly greater than mean CER of unattacked trees at the time 
foliar symptoms were observed. Mean CER of attacked Scots pines was 
significantly greater than that of unattacked trees one month after 
foliar symptoms developed. 
The range of CER within trees infested by D^. terebrans also 
increased significantly over that of unattacked trees in all three 
field plots. This increase was observed 2 to 4 weeks before the onset 
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of foliar symptoms. The highest CER values in attacked trees were 
measured in tissues above or adjacent to pitch tubes. 
Oleoresin flow rate 
The OFR of unattacked trees differed significantly from that 
of infested trees in all field plots. All attacked trees with 
chlorotic foliage did not produce any measurable flow of resin. Dif¬ 
ferences in OFR between attacked and unattacked trees were evident 
prior to foliar symptom development as well (Table 6). In Scots 
pines, there was no measurable resin flow in attacked, asymptomatic 
trees. OFR of attacked Japanese black pines was significantly 
greater than OFR in unattacked trees before foliar symptom development 
in both Plots 2 and 3. 
During the course of this study, OFR for some individual Scots 
and Japanese black pines was measured both before and after 2- tere¬ 
brans infestation (Table 7). These data indicate that differences in 
OFR between attacked and unattacked trees are the result of insect 
infestation. 
Xylem pressure potential 
P became more negative in attacked Japanese black pines as 
foliar symptoms developed, but no differences in P between attacked 
and unattacked trees were found prior to the appearance of symptoms. 
Figure 1 illustrates P data from Plot 2; similar trends were observed 
in Plot 3. 
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TABLE 6 
OLEORESIN FLOW RATES OF UNATTACKED AND INFESTED, SYMPTOMLESS 
JAPANESE BLACK AND SCOTS PINES IN JULY, 1982 
Field Plot N Oleoresin Flow Rate (mm'^/minute) 
Plot 1 - Scots 
Unattacked trees 4 
Trees infested with 
D. terebrans 4 
4.05 (3.41) 
0.00 (0.00)** 
Plot 2 - Japanese black 
Unattacked trees 4 
Trees infested with 
£. terebrans 4 
Plot 3 - Japanese black 
Unattacked trees 6 
Trees infested with 
D. terebrans 4 
0.42 (0.08) 
1.55 (0.91)* 
0.70 (0.52) 
2.96 (1.49)* 
^Mean (standard deviation). 
*Significant difference, p=0.05. 
**Significant difference, p=0.01. 
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TABLE 7 
OLEORESIN FLOW RATES OF INDIVIDUAL JAPANESE BLACK AND SCOTS PINES 
MEASURED BEFORE AND AFTER D. TEREBRANS INFESTATION 
Trees 
Before 
Infestation 
Infested, 
Asymptomatic 
Infested, 
Chlorotic 
Scots pines 
#1-10 7.63® 0.00 0.00 
#1-15 5.42 0.00 0.00 
#1-23 6.35 0.00 0.00 
Japanese black 
pines - Plot 2 
#2-12 0.54 1.60 0.00 
#2-13 0.31 1.92 0.00 
a 3 
Oleoresin flow rate (mm /min) 
Discussion 
Field observations 
Insect activity in all field plots followed the patterns 
described by Highley (1983) and Highley and Tattar (1985). Symptom 
progression in Scots pines also followed the description of Highley 
and Tattar (1985). Symptom progression in Japanese black pines 
differed from the previous report. Highley and Tattar (1985) found 
that attacked Japanese black pines developed foliar symptoms much 
faster than infested Scots pines, and that trees often died within 
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8 weeks of insect infestation. In this study, however, symptoms in 6 
of 10 Japanese black pines were expressed at a similar rate to those 
observed in Scots pines. In 4 trees in Plot 2, symptom progression 
lasted 4 months longer than that in Scots pines. Dry weather condi¬ 
tions during Highley and Tattar's 1980-81 study may have promoted 
greater water loss in attacked trees, hastening symptom development 
(Tattar, personal communication). 
Cambial electrical resistance 
Since CER has been inversely related to tree vigor (Wargo and 
Skutt, 1975; Shortle et al., 1977), and bark beetles often infest 
trees that are in a weakened condition, one might expect trees that 
were attractive to D^. terebrans in this study to have had signifi¬ 
cantly higher CER than trees which remained uninfested. No differences 
were found in CER prior to insect infestation, however. The detection 
of small differences in mean CER would have been difficult, due to 
the small number of trees measured. A study utilizing a larger sample 
size is needed to determine whether trees that are attacked by D^. tere¬ 
brans have higher CER than unattacked trees prior to insect activity. 
If the lack of significant differences in CER between attacked 
and unattacked trees prior to insect attack is a true representation 
of the populations of Scots and Japanese black pines in the area, 
these CER data indicate that attacked and unattacked trees are in a 
similar state of vigor. Without comparison with more trees in other 
locations the relative vigor of trees in the field plots cannot be 
determined through mean CER alone. Scots pines in Plot 1 appeared to 
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be of poor vigor, as evidenced by narrow growth rings and thin crowns. 
The Japanese black pines in Plots 2 and 3 appeared to be growing 
vigorously. In either case, D^. terebrans would be randomly infesting 
trees in each plot. In Plot 1, one may expect all of the trees to 
become infested in the near future, if all of the trees are of equally 
poor vigor. Bark beetles will attack apparently healthy trees when 
populations of the insect are high (Little, 1972), and this may be 
the case in the Japanese black pine plots. 
The increase in range of CER within attacked trees was the 
first indication of physiological changes due to D^. terebrans infesta¬ 
tion. The nature of the damage caused by this insect is reflected in 
these results. D^. terebrans does not infest tree trunks in an evenly 
spaced pattern, and pitch tubes are often concentrated on one side of 
the trunk. The mining activity of the adults and larvae destroys 
cambium and phloem tissues. Similar damage caused by other bark 
beetles, along with the penetration of xylem rays by associated 
bluestain fungi, results in the dessication of the adjacent xylem 
(Nelson, 1934; Caird, 1935; Reid et al., 1967; Basham, 1970). Since 
CER is related to moisture content (Sylvia and Tattar, 1978), CER 
would be greater near areas of insect activity than in healthy phloem 
and cambium, and attacked trees would exhibit a wider range of CER 
than unattacked trees. 
Mean CER of attacked trees did not change significantly from 
that of unattacked trees until foliar symptoms developed. Mean CER 
has been used to detect the presence of vascular diseases in trees 
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before symptom development (Tattar, 1976; Blanchard and Carter, 1980), 
but it was not as sensitive an indicator of disturbed physiology in 
p^. terebrans-infested pines as the range of CER within individual 
trees. 
Oleoresin flow rate 
Differences in OFR between attacked and unattacked trees of 
both species appear to be attributable to insect infestation, as 
shown by OFR data from individual trees in Table 7. A more extensive 
survey of OFR in trees before and after insect infestation is needed 
to confirm this interpretation. The OFR data obtained in this study 
suggests that the resin systems of Scots and Japanese black pines 
respond differently to D^. terebrans infestation. This may be due 
to characteristics unique to each tree species, or to the population 
dynamics of D^. terebrans. 
The resin system of conifers has been implicated in resistance 
to bark beetle attack. Early research was devoted to identification 
of characteristics of the primary, preformed resin canal system, 
which was thought to confer resistance to bark beetle infestation 
(Vite and Wood, 1961; Callaham, 1966). More recent research indicates 
that changes in the resin system in response to insect attack (sec¬ 
ondary resinosis) may be more important in resistance (Reid et al., 
1967; Berryman, 1969, 1972; Shrimpton and Watson, 1971; Russell and 
Berryman, 1976; Wright et al., 1979; Raffa and Berryman, 1982a, b). 
The ."threshold level" concept of bark beetle infestation holds that 
the insects are able to overcome tree resistance mechanisms when 
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the number of attacks on a single tree are above some threshold level, 
thereby allowing brood development to proceed normally, and ultimately 
resulting in the death of the tree (Berryman, 1976, 1978). 
Japanese black pines apparently had lower threshold levels for 
terebrans than Scots pines in this study--fewer galleries occurred 
on dead Japanese black pines than on dead Scots pines. The number 
of galleries per tree may be responsible for the differences in OFR 
in attacked trees of each species. The mass attack that occurred on 
Scots pines may have depleted the resin response of those trees before 
foliar symptoms developed. Raffa and Berryman (1983) found oleoresin 
flow in lodgepole pines 3 days after mass attack by Dendroctonus 
monticola to be 35% of flow in the same trees prior to insect attack, 
indicating that depletion of resin can occur very quickly in trees 
heavily attacked by bark beetles. In contrast, the smaller number of 
attacks in Japanese black pines may have temporarily stimulated the 
host defense response, resulting in an increase in OFR. The defense 
system of these trees is not successful, however, because D^. terebrans 
brood development proceeds normally and the trees subsequently die. 
Xylem pressure potential 
Infested Japanese black pines developed internal water stress, 
as determined by more negative P, as foliar symptoms developed. These 
results support the hypothesis that interruption of water transport 
in trees infested with bark beetles, whether due to insect activity 
alone or in combination with bluestain fungi, is responsible for death 
of these trees (Caird, 1935; Bramble and Holst, 1940; Reid, 1961). 
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Conclusions 
The CER and OFR measurements conducted on trees in this study 
were not useful in predicting the onset of D^. terebrans attack. Sub¬ 
stantial changes in these measurements were detected, however, after 
insect infestation. Increased range of CER within a tree was found 
to be an early effect of D^. terebrans infestation. Changes in OFR 
also occurred prior to foliar symptoms. Xylem pressure potential 
became more negative as symptoms developed in D^. terebrans-infested 
Japanese black pines. Foliar symptom development appears to be the 
final step in the decline of these trees and occurs after substantial 
disruption of normal physiology results in water stress within the 
tree. 
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Fig. 1. Mean xylem pressure potentials (with standard 
errors) of four Japanese black pines infested by Den- 
droctonus terebrans ( • ) and five uninfested trees 
( * ) in Plot 2, July, 1982 to August, 1983. Arrow 
indicates date of symptom onset. 
CHAPTER II 
PATHOGENICITY OF BLUESTAIN FUNGI ASSOCIATED WITH 
DENDROCTONUS TEREBRANS OLIV. (COLEOPTERA: 
SCOLYTIDAE) AND THEIR EFFECT ON WATER 
RELATIONS IN PINUS THUNBERGIANA AND 
P. SYLVESTRIS 
Introduction 
The relationships between bark beetles and fungi have been the 
subject of numerous investigations. Many species of bark beetles 
maintain a constant association with specific bluestain fungi 
(Mathiesen-Kaarik, 1953; Mathre, 1964a; Francke-Grosmann, 1967). Most 
of these fungi belong to the Ascomycete genus Ceratocystis or to 
Hyphomycete genera Leptographiurn, Graphiurn, and Verticicladiella, 
which are known to be anamorphs of Ceratocystis. 
After inoculation into trees by bark beetles, these fungi 
invade xylem ray parenchyma cells and contribute to the disruption 
of water transport within the tree (Craighead, 1928; Caird, 1935; 
Nelson, 1934; Mathre, 1964b). The benefits apparently gained by the 
insects from the action of bluestain fungi include the impairment 
of the tree's resistance mechanisms (Reid et al., 1967; Berryman, 1969, 
1972; Safranyik et al., 1975), and the reduction of xylem water content 
which has been reported to be essential for successful beetle brood 
development (Leach, 1934; Nelson, 1934; Whitney, 1971). 
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The relationship between bark beetles and their associated 
bluestain fungi is complex. For example, while removal of the normal 
complement of fungi from Dendroctonus frontalis Zimmerman caused a 
significant decrease in number of progeny and delays in progeny 
development (Barras, 1973), the beetles also did not develop normally 
in phloem colonized by Ceratocystis minor (Hedge.) Hunt, one of the 
fungi naturally associated with this insect (Barras, 1970). These 
results indicate that an interaction of fungal associates, rather than 
one particular fungus, is necessary for normal brood development. 
Many workers have concluded that bark beetles and bluestain 
fungi together cause the death of infested trees (Craighead, 1928; 
Nelson and Beal, 1929; Bramble and Holst, 1940; Mathre, 1964b). Others 
have found that bluestain fungi are not essential for successful 
beetle attack and that the insects alone seem to be able to kill trees 
by their cambium-destroying activity (Caird, 1935; Hetrick, 1949). 
The ability of bluestain fungi to kill trees without the presence of 
bark beetles has also been demonstrated for many species of fungi and 
conifer hosts (Nelson, 1934; Caird, 1935; Mathre, 1964b; Molnar, 1965; 
Harrington and Cobb, 1983; Horntvedt et al., 1983). 
Southeastern Massachusetts has been the site of Dendroctonus 
terebrans 01iv. activity for more than 20 years (Becker, 1972). This 
bark beetle attacks Pinus thunbergiana and Pinus sylvestris in both 
forest and landscape environments, and vectors a bluestain fungus, 
Leptographium terebrantis Barras and Perry (Highley and Tattar, 1985). 
Two other bluestain fungi, Verticicladiella procera Kendrick and 
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Ceratocystis ips (Rumb.) C. Moreau, have been isolated from both D^. 
terebrans and their galleries (Rane and Bennett, 1984, unpublished 
data). The pathogenicity of these fungi and their effects on water 
relations as determined by xylem pressure potential and diffusive 
resistance of thunbergiana and IP. sylvestris were the subjects of 
this study. 
Materials and Methods 
Plant material 
thunbergiana seedlings were obtained from a nursery operated 
by the Department of Public Works, Falmouth, MA. The four-to-six year 
old seedlings were moved bare-root from Falmouth to the University of 
Massachusetts, Amherst, MA where they were potted in 2 gallon plastic 
containers using a 1:2:2 (soil:peat:sand) mix. Three-year old 
sylvestris seedlings were obtained from Musser Forests, Indiana, PA, 
and potted in 1 gallon plastic containers using the same soil mix. 
All plants were kept outdoors, and watered by hand as needed. The 
containers were covered with bark mulch and leaves to keep the roots 
from freezing during the winter. 
Inoculum 
Isolates of Leptographium terebrantis were obtained from blue- 
stained wood of thunbergiana and sylvestris attacked by D^. tere¬ 
brans. The isolates were maintained on 2% malt agar (Difco) at room 
temperature. 
Isolates of Ceratocystis ips and Verticicladiella procera 
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were obtained by rinsing adult D. terebrans collected from infested 
P^. sylvestris in 5 ml of sterile distilled H^O, and plating the rinse 
water on a selective medium (Hicks et al., 1980). The fungal colonies 
that developed were transferred to 2% malt agar for identification, and 
maintained on this medium at room temperature. The margin of 8-to-10- 
day-old colonies was used for tree inoculations. 
Inoculation procedure 
The lower stem was surface disinfested with 70% ethanol, and 
two vertical incisions were made aseptically on opposite sides of the 
stem. The wounds were approximately 1 cm long and 3-5 mm wide, and 
were made to produce a flap of bark under which inoculum was placed. 
The bark was then folded over the agar and the wounds were wrapped 
with Parafilm (American Can Co., Greenwich, CT). 
Xylem pressure potential and 
diffusive resistance 
Xylem pressure potential (P) was measured using the pressure 
chamber technique (Scholander, et al., 1965). Individual one-year-old 
needle fascicles were removed from each seedling, and the fascicle 
sheath was removed to expose the conducting tissue of the fascicle 
(Roberts, 1977). The fascicle was inserted into the holding plate 
of a portable pressure chamber (PMS Instrument Co., Corvallis, OR). 
The exudation of xylem fluid from the fascicle end while under pressure 
was observed through a stereomicroscope mounted on an adjustable arm. 
Three needle fascicles were measured for each seedling, and the read¬ 
ings, in bars, were averaged. 
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Diffusive resistance (R-j) of foliage was measured using a 
diffusive resistance porometer (Model LI-60, Lambda Instruments Corp., 
Lincoln, NE). Two needles (one needle fascicle) were placed in a 
sensor with a 1.0 x 2.0 cm aperture. Three pairs of needles were 
measured for each seedling. The data were corrected for differences 
in temperature, and the mean was calculated. 
Care was taken to minimize variation in P and R-j due to weather 
conditions. All measurements were taken on sunny mornings from 
8:00 AM to 11:00 AM. Preliminary measurements showed little variation 
in P or R-J during this time period. 
Experimental design 
Experiment 1 was conducted in the spring of 1983, prior to the 
isolation of y_. procera and ips from terebrans; therefore only 
isolates of l^. terebrantis were used. The experiment was conducted 
under greenhouse conditions. Ten £. sylvestris and 28 thunbergiana 
seedlings were moved into the greenhouse February 15 to stimulate shoot 
growth. The minimum temperature was maintained at 18.3° C (65° F), 
although on bright sunny days the maximum temperature reached 29.4° C 
(85° F). 
On April 15, the trees were arranged in a randomized complete 
block design, and treatments were applied. thunbergiana seedlings 
were divided into 4 treatments, each with 7 trees: (1) uninoculated 
control, (2) inoculation with sterile 2% malt agar, (3) inoculation 
with an isolate of J_. terebrantis from £. thunbergiana (Lt-J), and 
(4) inoculation with an isolate of J^. terebrantis from sylvestris 
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(Lt-S). P^. sylvestris seedlings were divided into two treatment 
groups: inoculation with sterile 2% malt agar and inoculation with 
Lt-J. 
One each week after inoculation, P and R-j of one-year-old 
foliage of all thunbergiana seedlings were measured. These measure¬ 
ments were not performed on P^. sylvestris seedlings in this experiment 
due to the small size of the foliage. 
At the conclusion of this experiment (June 20, 1983) or as 
seedlings died, the bark of the stems was removed and the condition 
of the bark and xylem noted. Reisolation of the inoculated fungi was 
accomplished by aseptically removing portions of the xylem and phloem 
tissue, and placing the sections on 2% malt agar plates. 
Experiment 2 was conducted outdoors in the summer of 1984. 
Eighty trees of each species were divided into 4 treatment groups of 
20 trees each, and were inoculated on July 15 with one of the follow¬ 
ing: (1) sterile 2% malt agar, (2) J_. terebrantis from bluestained 
sylvestris wood, (3) V^. procera, (4) ips. P and R-j were 
measured weekly on both one-year-old and current year needles of 8 
trees in each treatment (2-3 measurements for each age foliage per 
seedling). The remaining trees in each treatment were periodically 
harvested (1 or 2 trees in each treatment every 4-6 days), after P and 
R-| were measured. Relative water content of approximately 1 g of 
one-year-old and current-year foliage was determined (Clausen and 
Kozlowski, 1965). Stems of harvested trees were then dissected, and 
percent of the circumference of phloem and cambium that exhibited 
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discoloration was recorded. Sections of phloem and xylem were asepti- 
cally transferred to 2% malt agar plates to recover inoculated fungi. 
The information obtained from harvested trees was subjected to 
regression analysis (Zar, 1974). 
Results 
Pathogenicity tests 
Only seedlings inoculated with J_. terebrantis developed 
foliar symptoms. In Experiment 1, all sylvestris seedlings inocu¬ 
lated with Lt-J died within 8 weeks of inoculation. Symptoms began 
as chlorosis of the current-year needles. These needles became 
necrotic as chlorosis developed in the older foliage. The inner bark 
of these seedlings was discolored, and the xylem was bluestained. 
Lt-J was reisolated from the inner bark and xylem tissue both above 
and below the inoculation point (Table 8). 
TABLE 8 
RECOVERY OF LEPTOGRAPHIUM TEREBRANTIS ISOLATES LT-J 
AND LT-S FROM NECROTIC INOCULATED SEEDLINGS OF 
PINUS THUNBERGIANA AND P. SYLVESTRIS 
Mean Distance from Inoculation Point Lt-S or 
Lt-J was Recovered (cm) 
Trt. N 
sylvestris (Lt-J) 5 
thunbergiana (Lt-J) 7 
thunbergiana (Lt-S) 2 
Above Inoc. Pt. Below Inoc. Pt. 
4.4 (1.0-10.0)^ 1.4 (1.0-3.0) 
6.3 (1.0-11.0) 1.3 (1.0-5.0) 
3.5 (3.0-4.0) 1.5 (1.0-2.0) 
1 Range in ( 
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Six of 7 thunberqiana seedlings inoculated with Lt-J in 
Experiment 1 had died 10 weeks after inoculation. The number of days 
from inoculation to onset of symptoms ranged from 13 to 43 days 
(mean = 29.5 days). All foliage was necrotic 43 to 70 days after 
inoculation (mean = 55 days). Only 2 of 7 seedlings inoculated with 
Lt-S developed symptoms. Symptoms were first observed 22 days after 
inoculation, and all foliage was necrotic in 43 days. Bluestain was 
visible in the xylem of all necrotic thunbergiana seedlings, and 
Lt-S and Lt-J were isolated from tissues above and below the inocula¬ 
tion point (Table 8). 
Seven of 8 sylvestris seedlings and 6 of 8 P^. thunbergiana 
seedlings inoculated with U terebrantis and monitored on a weekly 
basis in Experiment 2 died within 6 weeks of inoculation. Foliar 
symptoms developed 10 to 32 days (mean = 26 days) after inoculation 
in sylvestris, and 17 to 38 days (mean = 24 days) in thunbergi¬ 
ana. Bluestain was visible in the xylem of necrotic seedlings, and 
the pattern of U terebrantis reisolation was similar to recovery of 
the fungus from necrotic seedlings in Experiment 1. j^. terebrantis 
was not recovered from unstained xylem tissue adjacent to bluestained 
xylem. 
All trees inoculated with sterile 2% malt agar had small areas 
of inner bark discoloration around the wounds, but no xylem discolora¬ 
tion was observed. Seedlings of both species inoculated with isolates 
of l^. terebrantis but which did not develop foliar symptoms exhibited 
larger discolored areas in the inner bark adjacent to the inoculation 
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points (0.2-0.3 cm around edge of wounds). Similar discoloration was 
observed around y_. procera and i^l inoculation points on seedlings 
in Experiment 2, and no foliar symptoms developed in these trees. The 
inoculated fungi were reisolated from the inoculation wounds in 
asymptomatic trees at the end of each experiment, indicating that the 
fungi were still viable at the inoculation site. 
Effects of fungi on water relations 
Xylem pressure potential (P) became more negative, and dif¬ 
fusive resistance (R-j) increased prior to symptom development in 
seedlings inoculated with isolates of l^. terebrantis. Figures 2-5 
present data from Experiment 2. Changes in R-j and P occurred on 
average approximately 10 to 14 days before foliar symptoms developed. 
Although Figures 2-5 show a gradual change in P and R-j over the course 
of this experiment, this appearance is the result of averaging data 
from 8 trees in each treatment. Changes in R-j and P occurred in 
individual \^. terebrantis-inoculated trees quite suddently (Figure 6). 
The variation in the onset of changes in R-j and P among inoculated 
trees as well as the inclusion in the treatment means of 1 P^. syl- 
vestris seedling and 2 thunbergiana seedlings inoculated with L. 
terebrantis that did not develop symptoms or exhibit changes in R-j 
and P resulted in the large standard deviations seen in Figures 2-5. 
P and R-J of trees inoculated with ips of procera did 
not differ significantly from levels found in control trees (Figures 
2-5). . 
Data from £. thunbergiana seedlings in Experiment 1 showed 
29 
Fig. 2. Mean diffusive resistances (with standard 
errors) of one-year-old foliage of Pinus thunberqiana 
seedlings inoculated with sterile malt agar ( • ), 
Leptographiurn terebrantijs ( o )» Verticicladiella procera 
( i iTand Ceratocystis ips ( □ ). Arrow indicates 
average date of symptom onset. Each point is the mean 
of eight seedlings. 
30 
DAYS AFTER INOCULATION 
Fig. 3. Mean xylem pressure potentials (with stan¬ 
dard errors) of one-year-old foliage of Pinus thun- 
bergiana seedlings inoculated with sterile malt 
agar ( • ), Leptographiurn terebrantis ( o ), Verti- 
cicladiella procera ( ) and Ceratocystis ips ( □ ). 
Arrow indicates average date of symptom onset. Each 
point is the mean of eight seedlings. 
DAYS AFTER INOCULATION 
Fig. 4. Mean diffusive resistances (with standard 
errors) of one-year-old foliage of Pinus sylvestris 
seedlings inoculated with sterile malt agar ( • ), 
Leptographium terebrantis ( -0- ), Verticicladiella pro- 
cera ( » ) and Ceratocystis ips ( □ ). Arrow indicates 
average date of symptom onset. Each point is the mean 
of eight seedlings. 
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DAYS AFTER iNOCULATiON 
Fig. 5. Mean xylem pressure potentials (with stan¬ 
dard errors) of one-year-old foliage of Pinus syl- 
vestn's seedlings inoculated with sterile malt agar 
( • ), Leptographium terebrantis ( ), Verticicla- 
diella procera ( ^ ) and Ceratocystis ips ( □ ). 
Arrow indicates average date of symptom onset. 
Each point is the mean of eight seedlings. 
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Fig. 6. Diffusive resistance ( • ) and xylem pressure poten¬ 
tial ( * ) of three Pinus thunberqiana seedlings inoculated 
with Leptoqraphium terebrantis (A-C) and one seedling inocu¬ 
lated with sterile malt agar (D). Each point is the mean of 
three measurements of one-year-old foliage. Arrows indicate 
date of symptom onset. 
(bars) 
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trends similar to data illustrated in Figures 2 and 3. Trees inocu¬ 
lated with Lt-J or Lt-S that subsequently developed foliar symptoms 
showed increased R-j and more negative P 7 to 14 days before symptom 
development. K thunbergiana seedlings inoculated with these fungi 
but not developing symptoms did not show significant changes in R-j or 
P. 
Trees inoculated with )l_. procera, ips, or sterile 2% malt 
agar and periodically harvested in Experiment 2 had average percent 
stem discoloration of 54.5%, 45.7% and 35.6%, respectively. No 
significant differences in R-j, P or relative water content for either 
current-year or one-year-old foliage were found between these treat¬ 
ments, and no significant correlation was found between percent stem 
discoloration and these measurements of water status. 
In trees inoculated with J^. terebrantis, stem discoloration 
reached 100%. Complete stem discoloration, along with R-j 35 and 
P -40, occurred before any foliar symptoms were observed. Signifi¬ 
cant relationships were found between R-j, P, relative water content, 
and percent stem discoloration in trees of both species (Table 9). 
No significant relationships were found between any of the measured 
parameters and number of days after inoculation, reflecting the varia¬ 
tion among individual trees in the onset of changes in water relations. 
Similar measurements performed on one-year-old and current-year foliage 
were highly correlated. 
Trees of both species having 100% stem circumference discolora¬ 
tion without showing foliar symptoms did not exhibit any bluestain 
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TABLE 9 
REGRESSION ANALYSIS OF WATER RELATIONS DATA FROM 
SEEDLINGS INOCULATED WITH LEPTOGRAPHIUM 
TEREBRANTIS. ALL b VALUES ARE 
SIGNIFICANTLY DIFFERENT FROM 
0 (0.05 > p > 0.01). 
Pinus thunberglana b 
X * % stem circumference discolored 
Y * Diffusive resistance - current year foliage 0.368 
Diffusive resistance - 1-year-old foliage 0.391 
Xylem pressure potential - current year foliage 0.322 
Xylem pressure potential - 1-year-old foliage 0.299 
Relative water content - current year foliage -0.333 
Relative water content - 1-year-old foliage -0.333 
Pinus sylvestris 
X = % stem circumference discolored 
Y = Diffusive resistance - current year foliage 0.481 
Diffusive resistance - 1-year-old foliage 0.503 
Xylem pressure potential - current year foliage 0.539 
Xylem pressure potential - 1-year-old foliage 0.509 
Puelative water content - current year foliage -0.625 
Relative water content - 1-year-old foliage -0.519 
in the xylem. L. terebrantis was reisolated from the discolored 
phloem and cambium tissues, but not from the xylem of these trees. 
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Discussion 
Of the three fungi tested in this study, only 1. terebrantis 
was pathogenic to P^. sylvestris and P_, thunbergiana. The pathogenicity 
of this fungus has been demonstrated in other Pinus species (Harrington 
and Cobb, 1983; Wingfield, 1983). The results of P^. thunbergiana 
inoculations in Experiment 1 suggest that specificity among isolates 
of terebrantis as to host species may occur; however, isolate Lt-S 
had been in culture for a year when Experiment 1 was conducted, and 
may have become reduced in virulence during this time. P^. syl vestris 
seedlings inoculated with Lt-J (which had been maintained in culture 
for 1 month) were killed, indicating that there is no host specificity 
in U terebrantis isolates. 
Although _V. procera and £. ips have been reported to be patho¬ 
gens of several Pinus species (Nelson, 1934; Mathre, 1964b; Basham, 
1970; Towers, 1977; Lackner and Alexander, 1982; Bertagnole et al., 
1983), these fungi caused only limited inner bark discoloration in 
Experiment 2. Inoculation of ips in previous pathogenicity studies 
was severe--the entire trunk circumference was girdled (Nelson, 1934; 
Mathre, 1964b). ips may have caused the death of seedlings in 
this study if inoculations had wounded a larger amount of the stem 
circumference. 
Researchers have utilized different concepts of pathogenicity 
in reports concerning the effects of bluestain fungi in pines. In 
this study, pathogenicity was defined as the development of foliar 
symptoms followed by death of the inoculated tree. In some reports. 
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the development of lesions at the inoculation site is the criterion 
of pathogenicity. For example, Bertagnole et al. (1983) declared 
_V. procera to be pathogenic to lodgepole pine (Pinus contorta Dougl.) 
based on the development of discolored lesions around the inoculation 
points. Using this criterion, ips and V^. procera would be judged 
pathogenic to P^. sylvestris and K thunbergiana in this study, because 
the discoloration around the inoculation sites was greater than that 
observed around sterile malt agar inoculation sites, although the 
trees suffered no detectable adverse effects of this discoloration. 
It is interesting to note that lesion development around 
inoculation sites of bark beetle fungal associates has been character¬ 
ized as a host defense reaction (Reid et al., 1967; Berryman, 1972; 
Raffa and Berryman, 1982a, b). Localized auto-necrosis and secondary 
resin accumulation occur during this response. Differences in the 
amounts of monoterpenes and other compounds formed following inocula¬ 
tion have been related to the resistance or susceptibility of conifers 
to bark beetle attack (Shrimpton, 1973; Wright et al., 1979; Raffa and 
Berryman, 1982a, b, 1983). In at least one case, this defense reaction 
is diminished by repeated inoculations of the same tree (Raffa and 
Berryman, 1983). Host resistance is similarly reduced when bark 
beetles attack a tree in high numbers (Berryman, 1972, 1976; Safranyik 
et al., 1975; Raffa and Berryman, 1983). 
Stem lesions that resulted from inoculation of ips and V^. 
procera can be considered to be host defense reactions and perhaps 
should not be labelled as evidence of pathogenicity. However, when 
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several points of fungus entry cause the reaction zones to coalesce 
and deplete the host's defense mechanisms, resulting in death of the 
tree, the argument for the pathogenicity of these microorganisms is 
stronger. 
U terebrantis had substantially colonized the xylem and 
phloem of necrotic seedlings (Table 8), but was found only in dis¬ 
colored phloem tissue of seedlings that had not yet developed foliar 
symptoms. Based on this evidence it appears that xylem invasion by 
this fungus occurs after invasion of the phloem and cambium. Dis¬ 
colored areas of phloem adjacent to D^. terebrans galleries are evident 
in recently attacked P^. sylvestris and P^. thunbergiana before blue- 
stain develops in the xylem (Pane and Bennett, unpublished). J^. 
terebrantis has been isolated from these discolored zones. The 
pattern of L. terebrantis invasion in inoculated seedlings is similar 
to that observed in naturally infested trees. 
Symptom development in inoculated seedlings was also similar 
to symptom development in trees naturally infested with terebrans. 
In both cases, chlorosis of the youngest foliage was the first 
symptom observed (Highley and Tattar, 1985). Mature trees became 
necrotic from 8 weeks to a year after insect infestation (Highley 
and Tattar, 1985; see Chapter I). In general, seedlings in this study 
developed symptoms in a shorter period of time. 
Internal water stress developed in seedlings inoculated with 
l^. terebrantis, as indicated by increased diffusive resistance and 
more negative xylem pressure potential. Death of bark beetle infested 
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trees has been attributed to the blockage of water conduction by 
vectored bluestain fungi (Nelson, 1934; Caird, 1935; Mathre, 1964b), 
and the results of this study support this hypothesis. The mechanism 
of water blockage is not known. While Bramble and Holst (1940) 
suggested that resin plugging of the tracheids caused internal water 
stress, others have proposed that aspiration of the tori in the 
tracheids due to the entry of air or fungal hyphae was responsible 
(Nelson, 1934; Caird, 1935; Mathre, 1964b). 
Although this study does not provide direct evidence for a 
mechanism of water blockage, the results indicate that water stress 
develops in seedlings before U terebrantis invades the xylem. 
Seedlings with increased R-j and more negative P did not exhibit blue- 
stained xylem, nor was U terebrantis isolated from the xylem, until 
foliar symptoms developed. Significant relationships were found 
between percent of stem circumference that was discolored and measure¬ 
ments of water status. Water stress appeared to develop in inocu¬ 
lated seedlings by disruption of the phloem and cambium tissues, in 
a manner similar to the development of water stress in trees affected 
by canker diseases. Destruction of phloem and cambium has also been 
cited as the mechanism of pathogenicity of Ceratocystis dryocoetides, 
a fungal symbiont of the bark beetle Dryocoetes confusus (Molnar, 1965). 
In thunbergiana and sylvestris infested by D^. terebrans 
in southeastern Massachusetts, cambial electrical resistance increased 
prior to symptom development (see Chapter I), indicating a change in 
the water status of the trees. The results of this study suggest that 
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U terebrantls can contribute to the development of water stress in 
trees infested with D. terebrans. 
CHAPTER III 
FUNGI ASSOCIATED WITH DENDROCTQNUS TEREBRANS 
Introduction 
Bark beetles have long been known to carry microorganisms 
into trees they invade. These microorganisms include nitrogen-fixing 
bacteria (Bridges, 1981), yeasts, hyphomycetes and basidiomycetes 
(Bramble and Holst, 1940; Rumbold, 1941; Whitney and Cobb, 1972). 
The group of fungi which cause blue or black staining of wood have 
been among the most thoroughly studied bark beetle associates (Francke- 
Grosmann, 1967). These fungi, including members of the genera Lepto- 
graphiurn, Verticicladiella, and the Ascomycete genus Ceratocystis, 
are commonly associated with adult beetles as well as xylem and 
phloem tissues in and around insect galleries. The role of these 
fungi in beetle brood development has been disputed. Removal of 
mycangial fungi from Dendroctonus frontalis Zimm. adults resulted in 
significant decreases in number of progeny and delays in progeny 
development (Barras, 1973), yet D^. frontalis adults developed abnor¬ 
mally in pine logs colonized by bluestain fungi (Barras, 1970; 
Franklin, 1970). 
This study was conducted to identify the fungal symbionts of 
Dendroctonus terebrans 01iv. in Massachusetts. 
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Materials and Methods 
Isolations from D. terebrans 
Fifty Dendroctonus terebrans adults were collected from 
naturally infested Scots pines in Falmouth, MA, in March, 1984. The 
insects were removed from their overwintering galleries in large 
buttress roots and placed in sterile polyethylene bags. The bags 
were kept in an incubator in 9° C until isolations were performed. 
Two methods were used to isolate fungi from the insects. Ten 
insects were placed directly onto petri plates containing 2% malt 
extract agar (Difco). The remaining insects were rinsed in 10 ml 
of sterile distilled water, and 0.5 ml aliquots were distributed on 
petri plates containing 2% malt extract agar, 2% malt extract agar 
acidified with concentrated lactic acid to pH 4.5, or a selective 
medium used to isolate Ceratocystis-type fungi (Hicks et al., 1980). 
Plates were incubated at 25° C for 1 to 2 weeks. Fungi grew very 
slowly on the selective medium, so colonies that developed on this 
medium were transferred to 2% malt extract agar to hasten identifica- 
ti on. 
Isolations from D. terebrans galleries 
Portions of discolored xylem and phloem tissues from larval 
feeding galleries in Scots pines were removed and placed in sterile 
polyethylene bags in July, 1984. The pieces were surface disinfested 
in 0.5% sodium hypochlorite solution for 3 minutes, rinsed in sterile 
distilled water and placed on 2% malt extract agar plates. The plates 
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were incubated at 25° C for 2 weeks. 
Results and Discussion 
Direct plating of adult terebrans on 2% malt agar recovered 
only Leptographium terebrantis Barras and Perry, and unidentified 
bacteria and yeasts. A variety of fungi were isolated from insects 
using the rinse technique (Table 10), with U terebrantis being most 
frequently recovered. Bacteria often overran fungal colonies on malt 
extract agar plates but remained in discrete colonies on the selective 
medium. Perithecia of Ceratocystis ips (Rumb.) C. Moreau formed on 
both 2% malt extract agar and acidified 1% malt extract agar, but 
did not develop on the selective medium. 
TABLE 10 
INCIDENCE OF RECOVERY OF FUNGI FROM 
40 ADULT D. TEREBRANS, USING THE 
STERILE WATER RINSE METHOD 
Lepto- 
graphiurn 
terebrantis 
Vertici- 
cladiella 
procera 
Cerato- 
cystis 
ips 
Sporo- 
thrix 
sp. 
Graphiurn 
sp. 
Number of 
insects 40 20 10 25 10 
Isolations from bluestained xylem near terebrans galleries 
recovered J^. terebrantis exclusively. Discolored phloem tissue 
adjacent to the galleries contained U terebrantis, £. ips, and 
Verticicladiella procera Kendrick. 
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The microbial flora associated with D^. terebrans is typical 
of bark beetles in general (Rumbold, 1931, 1936, 1941; Holst, 1936; 
Mathre, 1964a; Bridges, 1981). U terebrantis has been previously 
found in association with terebrans (Barras and Perry, 1971). 
This is the first report of procera and C. ips associated with this 
insect, although both of these fungi have been previously found to be 
associated with Dendroctonus valens Lee., a closely related species 
(Mathre, 1964a; Wingfield, 1983). 
The anamorph of ips varies from Sporothrix- (previously 
Cephalosporium-) like to Graphiurn-like forms (Hunt, 1956). A Sporo¬ 
thrix species has been found in the prothoracic mycangium of Dendroc¬ 
tonus frontalis Zimm. (Barras and Perry, 1972). This fungus eventu¬ 
ally produced a Ceratocystis ascigerous form in culture which was 
identified as a variety of minor (Hedgecock) Hunt especially suited 
for survival in the mycangium (Barras and Taylor, 1973). 
The Sporothrix sp. and Graphi urn sp. isolated from D^. terebrans 
in this study may be forms of ips. Colonies of ips exhibited 
both Graphium-like and Sporothrix-like conidiophores. Of 18 single- 
ascospore colonies obtained from perithecia of ips in this study, 13 
developed dark hyphae and Graphiurn-type conidiophores, while 5 colonies 
remained white in color and developed Sporothrix-type conidiophores. 
These colonies closely resembled Graphiurn sp. and Sporothrix sp., 
respectively, isolated from adult D^. terebrans. This evidence suggests 
that these fungi may be anamorphs of ips; however, more extensive 
study of these fungi is needed to confirm their relationship. 
CHAPTER IV 
INOCULATION OF DORMANT PINUS SYLVESTRIS AND P. 
THUNBERGIANA TWIGS WITH BLUESTAIN FUNGI 
ASSOCIATED WITH DENDROCTONUS TEREBRANS 
Introduction 
Bluestained xylem is present in Scots (Pinus sylvestris L.) 
and Japanese black (P^. thunbergiana Franco) pines killed by the black 
turpentine beetle (Dendroctonus terebrans 01iv♦). The bluestained 
appearance is caused by hyphae of Leptographium terebrantis Barras 
and Perry, a fungal associate of D^. terebrans, which penetrate the 
xylem ray parenchyma cells. 
In the early stages of black turpentine beetle infestation, 
phloem tissue surrounding the newly-formed nuptial galleries is 
discolored. U terebrantis has been isolated from the discolored 
zones. A second fungus, Verticicladiella procera Kendrick, has been 
recovered from both adult D^. terebrans and the walls of larval gal¬ 
leries. 
Fungi associated with bark beetles are thought to contribute 
to the death of trees infested with these insects. While fungal 
invasion of the xylem, with subsequent blockage of water movement, 
has been cited as the cause of death of these trees (Nelson, 1934; 
Caird, 1935; Bramble and Holst, 1940; Basham, 1970; Horntvedt et al., 
1983), in at least one case, the fungal symbiont of a bark beetle has 
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been reported to cause tree death by destruction of the phloem and 
cambium tissues (Molnar, 1965). 
In the course of studying the contribution of U terebrantis 
and procera to the death of trees infested with the black turpentine 
beetle, a dormant twig assay technique was devised. This method 
allowed for a close examination of fungal invasion in stem tissue when 
the availability of actively growing trees was limited. 
Materials and Methods 
Dormant branches were removed from Scots and Japanese black 
pine trees located at the Mt. Toby Research Forest, Leverett, MA, in 
February, 1983. The branches (0.7 to 1.0 cm in diameter) were trimmed 
to 15 cm (Scots) or 12 cm (Japanese black pine) lengths, and the 
apical ends of the twigs were marked to ensure proper orientation. 
The twig segments were washed under running tap water for 20 minutes, 
after which the cut ends were sealed with parafin. 
Thirty Scots pine twigs segments were divided into 2 treatment 
groups: (1) those inoculated with Leptographium terebrantis (20 
segments) and (2) those inoculated with sterile 2% malt extract agar 
(10 segments). Fifty Japanese black pine twig segments were divided 
into 3 treatment groups: (1) 10 segments inoculated with sterile 
2% malt extract agar (2) 20 segments inoculated with U terebrantis 
and (3) 20 segments inoculated with Verticicladiella procera. 
The inoculation procedures was as follows: An area approxi¬ 
mately 2 cm long in the center of the twig was surface disinfested 
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with 70% ethanol. A small bark patch (4 mm square) was aseptically 
removed with a scalpel, to expose the xylem surface. The inoculum 
consisted of a 4 mm square section of sterile 2% malt extract agar 
or a similar section from the margin of 10-day-old cultures of U 
terebrantis or procera on 2% malt extract agar. The inoculum was 
placed in the wound, the bark patch replaced, and the inoculation 
area was wrapped in Parafilm to inhibit dessication. Inoculated 
twigs were placed in plastic bags containing moistened filter paper 
and sealed. The bags were kept in an incubator at 25° C under con¬ 
tinuous darkness. 
Every 2 to 6 days, three twigs from each treatment were 
harvested, and the bark was removed to measure the length of xylem 
and phloem discoloration. Isolations from phloem and xylem tissue 
of one twig per treatment on each sampling date were made to determine 
the extent of fungal invasion. Tissue samples were aseptically 
removed and placed on either 2% malt extract agar or a selective medium 
for Ceratocystis-type fungi consisting of potato dextrose agar amended 
with cyclohexamide and streptomycin (Hicks et al., 1980). The plates 
were maintained at room temperature for 2 weeks. 
Results 
Twigs inoculated with sterile 2% malt extract agar remained 
viable, as indicated by the healthy appearance to phloem and cambium 
tissues, for 25 days after inoculation. After 25 days, discoloration 
of the inner bark was observed originating from the cut ends of the 
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twig segments. 
Lesions developed in the phloem and cambium tissues of twigs 
inoculated with U terebrantis and \l_. procera (Figure 7). The phloem 
and cambium of Scots pine twigs inoculated with U terebrantis were 
completely necrotic 15 days after inoculation. Japanese black pine 
twigs inoculated with this fungus were necrotic 19 days after inocu¬ 
lation. In both pine species, lesion development occurred primarily 
in a longitudinal direction, with lateral spread occurring at a 
slower rate, resulting in elliptical lesions. 
y^. procera produced smaller lesions in Japanese black pine 
than did U terebrantis. The lesions did not encompass the entire 
circumference of the twig at any point. 
U terebrantis and V^. procera were consistently isolated from 
inner bark lesions that developed after inoculation of these fungi, 
but were not recovered from apparently healthy phloem and cambium 
tissues adjacent to the lesions. Blue or black discoloration of the 
xylem near the point of inoculation occurred after inner bark lesions 
had reached their maximum size. Xylem discoloration extended 2-3 mm 
radially into the twigs, and the inoculated fungi were recovered 
from these areas. V^. procera and U terebrantis were not isolated 
from nondiscolored xylem. 
Discussion 
The results from this test support the pathogenicity studies 
reported in Chapter II. U terebrantis completely invaded the inner 
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Fig. 7. Mean canker lengths (with standard errors) of 
Scots pine twigs inoculated with Leptographium terebrantis 
( • ) and Japanese black pine twigs inoculated with J_. 
terebrantis ( ★ ) or Verticicladiel 1 a procera ( ) • Each 
point is the mean of three twigs. Broken lines indicate 
complete twig necrosis. 
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bark tissues of Scots and Japanese black pine twigs, while procera 
induced limited lesions in Japanese black pine twigs. U terebrantis 
was pathogenic to Scots and Japanese black pine seedlings, while 
procera was not pathogenic to these pine species (Chapter II). In 
the previous pathogenicity studies, the development of internal water 
stress in inoculated seedlings was related to the death of phloem 
and cambium tissues after 1. terebrantis inoculation. Invasion of 
the xylem of these seedlings occurred after U terebrantis had sub¬ 
stantially invaded the inner bark tissues. The results of this twig 
inoculation study also indicate that colonization of the phloem and 
cambium occurred before fungal invasion of the xylem. 
The dormant twig assay, therefore, provided a model system 
with which to study the events that occur within the first weeks 
after inoculation with J^. terebrantis and V^. procera. This system 
may be particularly useful in histopathological studies of fungal 
invasion and lesion development. 
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